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Abstract 
This paper outlines our experience in the development of augmentative and alternative communication systems (AACS) and their 
application in Special Education schools. We have created, within the Sc@ut Project (http://scaut.ugr.es), a platform to design 
AACS for people with special communication needs, e.g. people with autism, dysphasia and brain paralysis, inter alia. Sc@ut 
communicators, which run on several devices (many of which are portable), include three types of language: pictograms, sounds 
(spoken language) and sign language (animations showing gestures), and are specially intended for communicative learning. 
They increase students’ motivation and are an attractive means of training in abilities, concepts and gestures, facilitating the 
communication of people with intellectual disability and severe problems in their oral expression. 
© 2009 Elsevier Ltd. 
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1. Introduction 
Experts in hearing and language, including speech therapists and other professionals, consider the use of AACS 
to be indispensable in their daily work. These professionals treat people with intellectual disabilities and students 
with special educative needs, who lack a verbal language or who have a non-functional language or an unintelligible 
one (Albacete et al., 1998). 
There are two kinds of AACS: without support, such as sign language, and with support, e.g. communication 
boards. In many cases, the complementary use of both is required. The objective is to provide handicapped people 
with the resources necessary to enable them to carry out functional communication, which must be understandable, 
autonomous and flexible. Different electronic devices can be used in support of AACS: pocket PCs, mobile phones, 
video game consoles and computers. The main advantages of these devices are that they are easy to use, attractive 
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for students, interactive and easy to carry. They also allow the use of multimedia elements (photos, pictograms, 
drawings, videos and sounds) and, as they can be personalized, they can be used by several people. 
Our work is focused on AACS with support, to take advantage of all their possibilities. We have developed an 
AACS called Sc@ut (Rodríguez et al., 2004), which is freely distributed among people with special communication 
needs and which is intended for helping both them and people from their social environment. Adaptations and 
modifications in the communicators are performed using another application, also developed by us, called Sc@ut 
Generator. The importance of this tool is that it allows the communicators to be customized “ad-hoc”, while the 
student is progressing in his learning, thus enabling its ongoing evolution, unlike other more rigid AACS. 
Initially, Sc@ut was developed for Pocket PC devices (Figure 1a), because their size, portability and tactile 
screens were appropriate for use in the classroom. Sc@ut communicator shows a structure of templates with images, 
similar to the communication board made with paper. Images can be pictograms, photos or drawings, which 
represent objects that the user can ask for or actions that can be carried out. When an image is selected, an 
associated sound previously stored is heard. This sound, which can be a word or a sentence, represents a 
reinforcement for the user and allows people who listen to it to know what the user wants. Moreover, our 
communicator provides links between templates. Visiting a new template is possible from a previous one, when a 
concrete image is selected in it. This navigation allows the construction of structured sentences, or the classification 
of actions and elements. 
During the last three years, children and adults with disabilities from education centres in our locality (Andalusia, 
Southern Spain) have been using Pocket PC devices as a support for Sc@ut, but we have observed that these devices 
present some drawbacks, the main ones being: low autonomy, only three hours, which entails recharging the device 
several times a day; limitation of the main memory, which implies the use of simple multimedia elements and the 
creation of communicators with few templates; and difficulty in finding a reasonably priced pocket PC, because the 
majority of them are currently the latest generation mobile phones. We have sourced an alternative portable device, 
namely the video-console Nintendo DSTM (Figure 1b), which has many advantages (Entrena et al., 2008): 
• Feedback: It has two screens – the lower one is tactile, whereas the upper one can be used to offer a 
reinforcement for the selected action. 
• Multimedia: As it is a device for playing, it can reproduce better and bigger sounds, graphics and videos. 
• Higher autonomy: 11 hours approximately. 
• Wireless connectivity (Wi-Fi): It allows communication with other consoles or PCs. 
• Lower price: It costs less than a Pocket PC. 
• More resistant and robust: Since it is a device designed for children, it is more resistant to knocks and scratches. 
• Motivation and integration: Seeing a child playing with a console is considered quite habitual and normal, it is 
not an intrusive device and it facilitates the social integration of the child with his peers. Commercial games can 
be used as a complement or a reward for the child when he uses the communicator in this device. 
Interaction using the console Nintendo DSTM is richer than with other devices thanks to its two screens. When the 
user selects in the lower screen the image of the object or action he desires, that image – or a video corresponding to 
it – appears in the upper screen. Videos and animations are thus shown within the context of the action, evidencing 
the cause and effect of it, and helping in the understanding of it. Sometimes the reinforcement is shown only when a 
sentence is completed or when a concrete object or action is selected. Figure 1b shows the image or animation that 
appears when the sentence “I want to eat a sandwich” or “I want to listen music” respectively finishes. 
    (a) (b) 
Fig. 1. Sc@ut communicators developed for: (a) Pocket PC devices (with captions in Spanish); (b) Nintendo DS™.
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2. Sign Language used 
The sign vocabulary included in Sc@ut DS by means of animations is the one that has been used and refined in 
the Special Education School Fundación Purísima Concepción, Granada. This centre has created its own vocabulary 
of 153 gestures, based on the gestures that their students with disabilities produced spontaneously. This vocabulary 
is not entirely based on Spanish Sign Language, because some gestures require a lot of movements or are difficult to 
be interpreted by these students, due to their impairments or difficulties in mobility coordination, laterality, and so 
on. Although these students are not deaf, they have an intellectual disability and require the use of gestures as 
alternative and augmentative language in order to communicate. Sign language is accessible, easy, meaningful and 
useful. It helps to increase the communicative competence of students with special communication needs and 
difficulties in oral expression (Tamarit, 1988). The selection of gestures performed is based on the communicative 
possibilities and needs of the students. Professionals and families of the centre have contributed to the choice of 
gestures.  
With this vocabulary, we respect a fundamental principle of AACS: “Systems must adapt to people and not 
people to systems”. We have designed two figures, a boy and a girl, to interpret the gestures, creating animated gifs 
that are used in the communicators. Gestures allow the user to accede to a total communication model (Schaeffer et 
al., 1980) which integrates in one device (the video console) three systems: pictographic, oral and gestural (Figure 
2a). One pictogram can be selected, then its sound is listened-to and its associated gesture is visualized and can be 
learned. Figure 2b shows these elements in the Nintendo DSTM console. 
Thanks to the Sc@ut generator, our communicators can be customized and changed. The user can evolve from 
the use of simple syntactic structures, such as concepts corresponding to single words, to more complex grammatical 
structures made up of subject, verb and complement. Then the video or animation in sign language representing a 
word or sentence can be shown in the upper screen and can be listened-to through the speakers of the video console. 
3. Our Work Method 
We have been working on this project since 2006. At present, our communicators are being used by about 100 
handicapped people from Andalusia, mainly in schools but also at occupational units for adults. Our work method is 
carried out in the following phases: 
• Presentation of the project to all of the professionals of the corresponding centre. 
• Assessment and selection of the students who will be using our systems, depending on their communicative skills 
and previous experience in the use of AACS. 
• Intervention with our communicators, where we can distinguish the following actions: 1) initial familiarization of 
the students with the devices; 2) selection of the adequate multimedia elements that stimulate each user; 3) 
creation of a customized communicator for each individual; 4) training in the use of the communicator; 5) 
involvement of professionals and families, to embed its use; and 6) refining the communicators to adapt better to 
the child. 
• Evaluation of results and improvement of the applications taking into account users’ suggestions. 
                    (a)                    (b) 
Fig. 2. (a) Communicative learning stimulation diagram; (b) Concept "sandwich" with its pictogram, sound and gesture associated.
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4. Results  
We have analyzed the progress made by users using our communicators and we have surveyed the professionals 
who work with them, in order to determine how useful our system is.  
As an example, we briefly summarize the study made at the Special Education School Santa Teresa de Jesús, 
Granada, where we have assessed 15 students ranging between 3 and 18 years old. The sampling has been non-
probabilistic and intentional, since we have selected individuals for the sample according to the criterion "they do 
not have an oral language or they have an unintelligible jargon". Such learners are known as "augmentative 
communication susceptible individuals". Their pathologies range from Serious Developmental Disorders (Autism), 
Rett Syndrome, Child Cerebral Palsy (CCP) mixed, CCP with cortical blindness, CCP with West Syndrome, 
through to Dysphasia. All of them have specific communicative limitations. At best, they only speak single words, 
which can only be understood by their parents and close relatives. Not all have this form of expression, making it 
very difficult to understand them. Some of them use gestures (three or four at most), while others simply look to the 
interlocutor in the hope they will guess their needs. Another group of students presents what we call disruptive 
behaviour, i.e. they are in despair because they feel misunderstood, and this leads them to cry, scream, throw a 
tantrum and self-harm or, in extreme cases, assault the staff. In cases of autism, we commonly find lack of 
communication, and visible isolation. The duration of our intervention was seven months, and although this period 
is somewhat short, it nevertheless allows us to draw some interesting conclusions. 
The first task of the intervention was to identify the communicative behaviors of users and their frequency and 
intensity. To do this, we used an initial questionnaire, entitled "Review of Existing Communication Skills", 
consisting of an adaptation of the one included in Chapter 2 of Baumgart et al.’s (1996) book. In order to check that 
we were correct in our identification, we liaised closely with the professionals dealing with these individuals, asking 
them to complete a second questionnaire, called "Communication Interview", which also provided information on 
the tastes and preferences of their students. This facilitated the start of the intervention. For users with motoric 
problems we relied on the help of physiotherapists, to assess which part of the individual’s body was the best suited 
to perform the interaction.  
Having analysed the results of the questionnaires, we created a communication scale (with 29 items). This scale 
ranges from a total lack of communication, through the most basic forms of communication, such as gazing, 
rapprochement, crying, laughing, etc., to the development of spoken language (the last item, i.e. the ideal).  
We designed a statistical study, establishing two groups: the control group (with 8 individuals) and the 
experimental group (with 7 individuals). The individuals were not randomly assigned to the intervention groups. 
The study was conducted in a real situation, where the independent variable was "communicative training with 
Sc@ut", while the dependent variable can be expressed as "the decrease of studied individuals’ disruptive 
behaviour, as a result of providing them a means to express their needs, as well as improving their communication, 
measured by the scale developed". 
Based on this premise, we designed the experimental hypothesis or He = "Training with Sc@ut facilitates 
communication and decreases the number of disruptive behaviours in individuals with serious deficiencies and 
communication problems," as well as the null hypothesis or Ho = "Results obtained are due to chance". 
For contrasting the hypotheses we used non-parametric tests, because data were measured on an ordinal scale. 
More specifically, we used the Mann-Whitney U-test, completing the study with the Wald-Wolfowitz runs test. The 
results of both tests indicated that we can reject Ho and accept He with a high level of significance. This means that 
our intervention has been effective in that centre, and we can assert that the use of our communication system is 
valid for handicapped people with severe communication problems, because it helps them to improve their 
communication and to reduce disruptive behaviours, such as crying, tantrums, (self-)assault, screaming, etc., 
improving therefore their capacity for learning. 
In conclusion, communicative training with Sc@ut shows some positive results in populations of individuals with 
severe communication problems. Improving communication enables the user to be calmer, and reduces their anxiety 
(caused by the lack of understanding they experience in their social environment) to a more acceptable level. All of 
this has a positive impact on daily living and learning. 
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5. Conclusions and Future Work  
We have created a system for designing customized AACS, which has demonstrated to be beneficial for: 
• Increasing users’ interest in communicating with people around them.  
• Improving oral language and understanding: the hypermedia enables construction of sentences of linked words 
that the user can listen-to, learn and repeat. 
• Avoiding and reducing disruptive behaviours, improving personal integration with the social environment. Since 
the user can say what he wants or does not want, anomalous behaviours are not necessary to attract attention. 
• Helping the user to orientate temporally and spatially: some users need to know what actions have been carried 
out previously and what actions can be carried out subsequently. The communicator can not only guide the user 
to select the actions in a concrete scenario and order, but also shows him their state. 
• Using total communication: in order to communicate, disabled people can use oral language, templates of 
pictograms or sign language, as required. Since our platform allows the showing of the video along with the sign 
associated to a concept, the learning and use of gestures to communicate with other people are reinforced. 
The AACS presented is a resource for learning and communication, which is not designed to replace sign 
language nor other communication resources, but to be a good complement to them. The incorporation of 
animations with gestures in Sc@ut DS allows a gestural vocabulary to be learned and reinforced, which promotes 
the autonomy of the learner, since the gestures are internalized. This favours its use and spontaneity. 
Based on the results obtained, we can say that in the didactic application of our AACS, it is a useful and valuable 
resource due to its easy operation and the multitude of possibilities it offers for people with intellectual disabilities. 
It especially helps them to express needs, feelings and ideas, and helps people around them to understand and 
respond adequately to their expectations. In this way, the relationship of this kind of student with their social 
environment is promoted, favoring their integration and normalization, which improves their quality of life. 
In conclusion, a customized and integrated education is possible for handicapped people using our 
communicators. Each user follows his own work rhythm, and this enables his integration with peers, educators and 
family. 
As future work, the group that have developed Sc@ut plans to continue researching, for example: the use of 
mobile devices to control the environment; guided and collaborative learning; and design of video games for people 
with special educational needs (González-Sánchez et al., 2007), among other lines of interest. 
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